Endocrine disrupting chemicals (EDCs) can cause adverse effects in individuals and their offspring. In 2017 and 2018, we performed a survey on representative samples of Austrian drinking water (n = 20), groundwater (n = 22), and surface water (n = 12), the latter including bathing water (n = 5) and rivers (n = 7). We analyzed 54 samples for 28 parameters, including estrogens, polybrominated diphenylethers (PBDEs), phthalates, perfluoroalkyl substances, alkylphenols, bisphenol A and triclosan, correlating to 1512 measurements. In 39 of the 54 samples (72.2%), at least one endocrine disrupting or potentially disrupting chemical was found at or above the limit of quantification. None of the samples yielded estrogens or triclosan in detectable levels. Bisphenol A (BPA) was detected in 4 (20.0%) samples of drinking water, in 1 (4.5%) groundwater sample, and in 1 (20%) bathing water sample, with a maximum concentration of 0.021 µg/l found in one drinking water. Two drinking water samples yielded BPA in concentrations above the limit value of 0.01 µg/l, recently proposed by the European Commission for drinking water. Therefore, the ultimate public health goal must be to further reduce and restrict the production of EDCs and therewith decrease and eventually eliminate the contamination of drinking water resources.
Introduction
By WHO definition, an endocrine disruptor is "an exogenous substance or mixture that alters function(s) of the endocrine system and consequently causes adverse health effects in an intact organism, or its progeny, or (sub)populations" (Bergman et al., 2013) . A large number of substances from a wide range of chemical classes have been implicated and suspected as possible endocrine disrupting chemicals (EDCs). These include industrial chemicals, pesticides, heavy metals, pharmaceuticals, and different types of natural hormones and substances produced by plants and animals. The endocrine system is a critical component of body functions and consists of the glands that secrete hormones into the bloodstream, that then act as chemical messengers to trigger an effect in some other part of the body. This includes, for instance, the pituitary, thyroid and adrenal glands, and the male and female reproductive systems, all of which release hormones into the blood. Collectively, these glands and their hormones regulate or are engaged in processes such as reproduction, growth, development, aspects of behavior that include responses to stress and physiological functions such as blood pressure and heart rate (Street et al., 2018) . Endocrine disrupting chemicals are thought to cause adverse effects by a number of possible pathways (Kabir et al., 2015; Wang and Tian, 2015) . EDCs may mimic the sex hormones and promote similar responses to them, or vice versa may block the activities of the sex hormones, estrogens or androgens. The "key-lock" mechanism is often used to describe the way in which hormones interact with receptors to trigger an effect; EDCs may act by sending the body a different message by altering or blocking the hormone (key) or the intended receptor (lock) (Schug et al., 2016) . EDCs may also disturb the signaling system before the hormone reaches the receptor by altering essential protein production in the body, producing abnormal hormone levels or several other complex pathways. The effects may only be obvious at the tissue or hormonal levels in individuals exposed to specific EDCs, or may be more significant and lead to changes at the population level (Manning, 2005) . The evidence for occurrence of endocrine disruption includes results both from field observations and from laboratory studies that have shown that the growth, reproduction and development of many species, including mammals, birds, fish, frogs and invertebrates may be affected by the presence of EDCs in the environment. For instance, adverse effects concerning developmental abnormalities and feminization of alligators in Florida followed an organochlorine pesticide spill, and waste water treatment plants and paper mill discharges caused feminization of fish in the US (Manning, 2005) . The increased incidence of certain endocrine-related human diseases has also focused attention on the risks posed by exposure to chemicals that have the potential to cause effects at very low levels (Damstra et al., 2002) . There are thousands of potential EDCs that can enter the aquatic environment as sewage effluent or other ways of pollution, but there is still little data available concerning the presence of these compounds in drinking water. Many of these compounds are quite stable and resistant to water treatment methods, and there is concern that they may pass through into drinking water in relatively large concentrations (Kabir et al., 2015; Fürhacker, 2017; Forner-Piquer et al., 2018; Fucic et al., 2018) . It was the aim of our study to survey drinking water, groundwater and surface water in Austria for contamination with possible endocrine active/endocrine disrupting substances. As to the parameters chosen for testing in this study, Directive 2013/39/EU of the European Parliament and the Council amending Directives 2000/60/EC (water framework directive -WFD) and 2008/105/EC (Directive on environmental quality standards) lays down a strategy against the pollution of water. That strategy involves the identification of priority substances amongst those that pose a significant risk to, or via, the aquatic environment at European Union level. Problems surrounding EDCs are their continuous release into the environment through industrial, domestic and hospital effluents and inefficient removal by wastewater treatment plants (WWTPs) . For this reason, the WFD established a priority list of 33 new and 8 previously regulated chemical pollutants, some of which have been shown to exhibit endocrine disrupting potential (e.g., octyl-, nonylphenol, di-(2-ethylhexyl) phthalate). Additionally, 15 compounds were also placed onto a "watch list" of potential priority substances, containing estrogen compounds (estradiol, ethinylestradiol) . The parameters of our study were selected on the basis of this priority list.
Materials and methods

Samples
Twenty-two groundwater sites and twenty nearby drinking water sites all over Austria were selected for sampling. The choice of sites was based on risk-assessment according to the presence of substances previously detected by AGES and the federal environment agency (Ages and Umweltbundesamt, 2015) indicating contamination by humans. Moreover, five lakes used for bathing (bathing water) and seven rivers, five of them transboundary sampling sites, were arbitrarily selected. Figure 1 shows the location of the 54 sample sites. Drinking water, groundwater and surface water were sampled by the accredited sampling personnel from August 2017 until February 2018, within the framework of the Austrian ordinance on the monitoring of the quality of water ("Gewässerzustandsüberwachungsverord-nung", "GZÜV"), Federal Law Gazette No 479/2006, following the requirements of ISO 5667-4 (Guidance on sampling from lakes, natural and man-made), ISO 5667-5 (Guidance on sampling of drinking water from treatment works and piped distribution systems), ISO 5667-6 (Guidance on sampling of rivers and streams), and ISO 5667-11 (Guidance on sampling of groundwater). Samples (one 1-litre glass bottle, and two 1-litre aluminium bottles each) were transported cooled at 4°C, and tested within 72 hours. Samples were quantitatively analyzed on estrone (E1), 17ß-estradiol (E2), estriol (E3), 17α-ethinylestradiol (EE2), bisphenol A/S (BPA/BPS), triclosan (TCS), nonylphenol-mono-ethoxylate (NP1EO), nonylphenol-diethoxylate (NP2EO), octylphenol (OP) and its ethoxylates (OP1EO, OP2EO), perfluorooctanoic acid (PFOA), perfluorooctanesulfonic acid (PFOS), benzylbutylphthalate, di-(2-ethylhexyl)phthalate, di-isononylphthalate, di-n-butylphthalate, dimethylphthalate, di-n-octylnonylphthalate, diethylphthalate, diisodecylphthalate, and polybrominated diphenylethers BDE 28, 47, 99, 100, 153, 154.
Analytical methods
Detection of estrogens, alkylphenols/ethoxylates, PFOA/PFOS, and triclosan
For liquid chromatography-high resolution mass spectrometry (LC-HRMS), samples were filtered using 0.45 µm syringe filters. For the 20 mL online-enrichment of the endocrine disruptors, two 10 mL vials were filled and spiked with labelled surrogates shown in Table 1 . Ethoxylates were measured through 5 ml enrichment with a separate method. sults were blank-corrected and the quantification was done by the external standard method with recovery correction through adding deuterated surrogate standards. The limits of detection and of quantification for the individual substances are summarized in Table 2 .
Detection of polybrominated diphenylethers (PDBEs)
Six congeners (BDE 28, BDE 47, BDE 99, BDE 100, BDE 153 and BDE 154) of polybrominated diphenylethers have been selected based on the list of priority substances in the field of water policy (EC, 2013) and were analyzed according to EPA method 1614.
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C-labelled surrogate standards were added to the samples prior to continuous liquidliquid extraction with toluene. Subsequently, the samples were subjected to a multi-stage column-chromatographic clean-up, using the fully automated sample preparation system Miura GO-2HT (MIURA Co Ltd., Matsuyama City, Ehime, Japan). Following the addition of an injection standard, the measurement was done by GC/HRMS. A Thermo Trace GC Ultra/Finnigan MAT 95 XP MS apparatus with a DB-5 60 meter/0.25 mm/0.25 µm column was used. The HRMS was operated in MID mode with a mass resolution of 8000. Identification and quantification was done by isotope dilution method with recovery correction referred to the added 13 C surrogate standards. For PBDE, the limits of quantification are mainly influenced by blanks. Therefore, blank control samples have been analyzed regularly. The relatively long time period in which the samples were determined, led to two different limits of quantification due to shifts in the blank levels. For period 1 (October to December 2017), 10 blank control samples, and for period 2 (January to March 2018), 13 blank control samples were analyzed. In Table 3 , the calculated LOQ values for the two time periods are listed.
Limits of detection and quantitation
The limits of detection and limits of quantitation were determined as described in DIN 32645:2008-11 (Chemical analysis -Decision limit, detection limit and determination limit under repeatability conditions -Terms, methods, evaluation).
Results
In 39 of the 54 samples, at least one endocrine disrupting or potentially disrupting chemical was found at or above the limit of quantification (LOQ). None yielded estrogens or triclosan in detectable levels. PBDEs were detected in 3 drinking water samples, and in 4 groundwater samples. Phthalates were detected in 2 (10%) drinking water samples, in 11 groundwater samples, in 3 bathing water samples and in 4 river samples. Perfluoroalkyl substances were detected in 5 drinking water samples, in 8 groundwater samples, in 2 river samples and in 2 bathing water tested. Presence of 4-nonylphenol monoethoxylate (NP1EO) could be shown in 2 groundwater samples and in 1 river sample. Bisphenol A was detected in 4 samples of drinking water, in 1 groundwater sample, and in 1 bathing water sample. Tables 4, 5, 6 and 7 depict the specific situations in the different water compartments (drinking water, groundwater, bathing water, and river) regarding the measured parameters; measurements that revealed concentrations at or above the individual LOQs are qualitatively denominated as "positive". In drinking water specimens, 539 out of 560 (96.3%) measurements revealed no analytes at or above the respective LOQ, 576 out of 616 (93.5%) measurements none in groundwater, and 322 out of 336 (95.8%) measurements showed no analytes in surface water specimens. The specimens from water sources positive for at least one analyzed parameter, and the values found at or above the specific limits of quantification are summarized in Table 8 . Of the 1,512 measurements, 75 (5.0 %) revealed an endocrine disrupting or potentially disrupting chemical at or above the limit of quantification. Nine out of 120 (7.5%) Table 5 . Groundwater: distribution of positive (pos) results among individual samples (abbreviations as used in Table 4 ) Tabelle 5. Grundwasser: Verteilung der positiven (pos) Ergebnisse bei einzelnen Proben (Abkürzungen wie in Tabelle 4 verwendet) measurements in drinking water, and 10 out of 132 (7.6%) measurements in groundwater revealed PBDEs, with a maximum concentration of 0.00062 µg/l for BDE 47 in groundwater. Two out of 160 (1.3%) measurements in drinking water, 16 out of 176 (9.1%) measurements in groundwater, 3 out of 40 measurements in bathing water, and 5 out of 56 measurements in river revealed phthalates, with a maximum concentration of 0.37 µg/l found for di-(2-ethylhexyl)phthalate in groundwater. Six out of 40 measurements in drinking water, 11 out of 44 measurements in groundwater, 2 out of 14 measurements in river, and 2 out of 10 measurements in bathing water revealed perfluoroalkyl substances, with a maximum concentration of 0.0433 µg/l found for perfluorooctanesulfonic acid in drinking water. Presence of 4-nonylphenol monoethoxylate (NP1EO) could be shown in 2 out of 22 measurements in groundwater samples and in 1 out of 7 measurements in river samples, with a maximum concentration of 0.0234 µg/l found in groundwater. Four out of 20 measurements in drinking water, 1 out of 22 measurements in groundwater, and 1 out of 5 measurements in bathing water revealed bisphenol A, with a maximum concentration of 0.021 µg/l found in drinking water. Table 8 lists the individual limits of quantification (LOQs) and puts them into comparison to analytes and their number found at or above these LOQs.
Discussion
The WHO/United Nations Environment Programme (UNEP) report from 2012 (WHO, 2013) dealing with endocrine disrupting chemicals challenged many well established principles in toxicology and risk assessment. The dose-response principle ("The dose makes the poison"), with linear dose-response and threshold, was questioned by the statement that the affinity of an endocrine disruptor to a hormone receptor is not equivalent to its potency; that endocrine disruptors produce non-linear dose response curves both in vitro and in vivo, by a variety of mechanisms. The general dogma championed by the WHO so far-that a health-based value like the acceptable daily intake (ADI) is valid for all life-stages because based on lifetime-exposure results-was challenged. Assertions were made such as sensitivity to endocrine disruption is highest during tissue development, and developmental effects will occur at lower doses than are required for effects in adults. The opinion on EDCs peaked in the postulation that, when interpreting the results of studies on EDCs or when designing studies to clarify the effects of EDCs and quantifying the risks to human and wildlife health, it must be taken into consideration that endocrine disruption represents a special form of toxicity (WHO, 2013) . Since the release of this report, debates have continued between researchers who support its conclusions and those who oppose them. Borgert et al. (2013) , as typical examples of opposition to the conclusions of the report, argue that potency differences, laws of mass action, and the basic design and physiological functions of the endocrine system require and ensure the presence of thresholds. Supporters of the report such as Gore et al. (2015) counter that receptor down-regulation, when hormones are present in high concentrations, bind to their receptors, and decrease receptor number, leads to non-monotonic dose response resulting in fewer available receptors and a natural shift in the receptor-mediated response. Vice versa, minuscule concentrations may cause an effect. In Table 8 , the concentrations found above the specific limits of quantification are listed against (proposed) limit values of regulatory bodies or tolerable levels derived from health-based assessments (ATSDR, 2017; EC, 2018; ECHA, 2016; EFSA, 2005 EFSA, , 2011 EPA, 2017; US CPSC, 2010; WHO, 2003 WHO, , 2017a . In all cases, the limits of quantification were below the current health-based guidance values (or drinking water thresholds derived from these). However, there might be one exception, even though arguable, regarding octylphenol (OP) where special sensitivity of males cannot be excluded. In a low-dose study, Blake et al. (2004) found that the lowest-observed-adverse-effect-level (LOAEL) for sperm tail abnormalities was 20 ng/kg bw/day in male rats exposed to OP in drinking water. With a total safety factor of 300 for OP, a tolerable daily intake (TDI) for men was calculated at 0.067 ng/kg bw/d (Jonsson, 2006) . Taking the WHO allocation concept into consideration-60 kg body weight, 2 liters water/day for an adult (WHO, 2017b)-the drinking water parametric value would be 0.0004 µg/l. The LOQ of our study was 0.0037 µg/l. In contrast to that, Baser et al. (2004) came to a TDI of 0.5 ng/kg bw/d, considering the same LOAEL. This would result in a drinking water value of 0.003 µg/l, a value at the level of our LOQ.
Although not exceeding the currently valid limit value, bisphenol A was found in concentrations higher than the recently envisaged maximum level: Its concentrations up to 0.021 µg/l in drinking water were above the limit value of 0.01µg/l for drinking water and groundwater proposed by the European Commission (based on the precautionary principle) (EC, 2018a; EC, 2018b)
Estrogens
The realization that hormones can reach the environment, even after treatment of sewage water, strengthened the search for the presence of pharmaceuticals and endocrine disrupting chemicals in water sources, such as sewage water effluent, surface water and groundwater (Kuch and Ballschmiter, 2001 ). These substances were associated with changes in microbial ecology, toxicological effects in aquatic species, and a negative effect on human health (Shore and Shemesh, 2016) . Estrogen hormones are crucial for human biology and physiology. They help regulate reproduction, cardiovascular function, bone strength, cognitive behavior, successful pregnancy and gastrointestinal systems. Nevertheless, Adeel et al. (2017) illustrate in their review that they can have serious adverse effects if allowed to accumulate in the environment and to enter the human food chain. If consumed at levels above safe thresholds, they can increase the risk of cancer and induce cardiovascular diseases in humans. Supra-optimal levels of estrogens have been linked with increased incidence of breast cancer in females and prostate cancer in men, although causeand-effect is debatable. Estrogens preferentially bind with receptor cells in breast tissues leading to cell proliferation that can ultimately form tumors (Adeel et al., 2017) . Loos et al. (2018) describe a proposal of the Joint research Centre (JRC) of the European Commission regarding the estrogens 17-alpha-ethinylestradiol (EE2), 17-betaestradiol (E2), and estrone (E1), their Predicted no-effect concentration (PNECs), and criteria that substances can be taken out of the watch list. None of the three estrogens could be detected above the LOQ. In the case of E1 and E2 the LOQ (0.00013 and 0.00011 µg/l, respectively) was below the specific PNEC (0.0036 and 0.0004 µg/l, respectively). Even the JRC proposal was fulfilled laying down criteria that substances can be taken out of the watch list when ½ LOQ is below or equal to the PNEC. With EE2, a slightly different situation occurred because the PNEC (0.000035 µg/l) is below the LOQ (0.000084 µg/l) in our study, and therefore, no conclusion could be drawn whether the goal is reached or not. In Canada, mean influent concentrations of 17β-estradiol were 15.6 ng/l (range 2.4-26 ng/l), and of estrone 49 ng/l (range 19-78 ng/l); in final effluents, these were reduced to mean concentrations of 1.8 ng/l (range 0.2-14.7 ng/l) and 17 ng/l (range 1-96 ng/l), indicating a wide extent of variability of removal in different sewage treatment plants (Falconer, 2006 ). An Australian study showed the advantages of tertiary sewage Table 8 . Analytes found in concentrations above the limit of quantification (EQS = EU Environmental quality standards; PFOA = Perfluorooctanoic acid; PFOS = Perfluorooctanesulfonic acid; BPA = Bisphenol A; NP1EO = 4-nonylphenol monoethoxylate; BDE = Brominated diphenylether; PBDEs = Polybrominated diphenyl ethers) compared to limit values (* Default assumption for adults taking into consideration the WHO allocation concept; EQS = environmental quality standards; PV = parametric value according to the EU drinking water directive; GV = WHO guideline value; DWEL = US EPA drinking water equivalent level). Tabelle 8. Analyte in Konzentrationen über der Bestimmungsgrenze (EQS = EU-Umweltqualitätsnormen; PFOA = Perfluoroctansäure; PFOS = Perfluoroctansulfonsäure; BPA = Bisphenol A; NP1EO = 4-Nonylphenolmonoethoxylat; BDE = bromierter Diphenylether; PBDE = Polybromierte Diphenylether) im Vergleich zu Grenzwerten (* Standard-Annahme für Erwachsene unter Berücksichtigung des WHO-Zuteilungskonzepts; EQS = Umweltqualitätsnormen; PV = Parameterwert gemäß EU-Trinkwasserrichtlinie; GV = WHO-Richtwert; DWEL = US EPA Trinkwasser--Äquivalenzniveau).
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Die Bodenkultur: Journal of Land Management, Food and Environment 69 (3) 2018 treatment reducing 17β-estradiol levels of up to 19 ng/l by only traditional clarification and to < 7 ng/l by additional use of ozone or UV (Falconer, 2006) . In the Paris region, all river samples showed both natural and synthetic estrogens at concentrations of 1.0 to 3.2 ng/l, with 35 to 50% of the estrogenic activity in the form of ethinylestradiol (Cargouët et al., 2003) . In German rivers, the steroid hormones were found at 0.2 to 5 ng/l in surface waters and in drinking water at concentrations of 0.1 to 2 ng/l (Kuch and Ballschmiter, 2001 ). Our findings did not result in any detection of those hormones in Austria, with LODs ranging from 0.023 ng/l (ethinylestradiol) to 0.118 ng/l (estriole).
Brominated flame retardants
Brominated flame retardants (BFRs) are widely used in polymers and textiles and applied in construction materials, furniture, and electronic equipment. BFRs with the highest production volume are the polybrominated diphenyl ethers (PBDEs). Because of their persistence and low biodegradation profile, several of the PBDE congeners accumulate in biota and are widely found in the aquatic food chain (Weijs et al., 2015) . Their levels in the environment and in humans have increased during the last decades, in contrast, for example, to compounds such as polychlorinated biphenyls (PCBs) and dichlorodiphenyltrichloroethane (DDT) (Usenko et al., 2016) . PBDEs exhibit a great variety of biological effects, depending on the bromine substitution pattern. They are potential endocrine disruptors, based on shared toxicity with the structurally related PCBs, polychlorinated dibenzofurans (PCDFs), and polychlorinated dibenzodioxins (PCDDs) (Vos et al., 2003) . Regarding polybrominated diphenyl ethers (PBDEs) in surface waters, no single value and also not the sum of measured parameter values reached by far the permissible maximum concentration of 0.14 μg/l referred to by Brielmann et al. (2018) . They were not even found above the LOQ in rivers or bathing waters. In our measurements of PFAs, the permissible maximum concentration of PFOS in surface waters in Austria (Brielmann et al., 2018) , 36 μg/l, was not reached, being several orders of magnitude below. These values also came significantly below the proposed values (in a future amendment of the EU Drinking Water Directive) of 0.1 μg/l for the single substance and of 0.5 μg/l for the sum of PFAS (Briemann et al., 2018) , in analogy to the EU pesticides regulation. Lütjohann et al. (2006) found the levels of BFRs of up to more than 130 ng/l in the German surface waters, with a mean of about 30 ng/l. Christale et al. (2013) investigated PBDEs along a river affected by urban and industrial pressures in the UK and detected BDE 209 in most of the sampled sites in concentrations ranging from 17 to 295 ng/l depending on the location. In our study, PBDEs were detected in 3 (15%) drinking water samples, and in 4 (18.2%) groundwater samples, but not in surface water, with a maximum concentration of 0.62 ng/l for BDE 47 in groundwater.
Phthalates
Phthalates are found in a large number of articles. What is common to this group is that the objects are wholly or partly made of soft PVC. Ortho-phthalates comprise a large group of substances presenting both different and similar toxicological effects. Impairment of reproduction, especially in humans, is an effect which has been linked to a number of low molecular weight phthalates. These have been reported for diethylhexyl phthalate (DEHP), the most widely studied phthalate in the low molecular weight phthalate group, but also for dibutyl phthalate (DBP), benzyl butylphthalate (BBP), and diisobutyl phthalate (DIBP) (Kay et al., 2013) . One feature these four phthalates have in common is that they produce an antiandrogenic pattern of effects and should, therefore, also be assessed together (Kay et al., 2013) . Also, the high molecular weight phthalate diisononyl phthalate (DINP) is suspected of possibly being toxic for reproduction based on an antiandrogenic pattern of effects; however, DINP is not classified as toxic for reproduction (Kay et al., 2013) . Diisodecyl phthalate (DIDP), another very common high molecular weight phthalate, is suspected of being toxic for reproduction, but probably via a different type of mechanism. Therefore, DIDP does not contribute to the antiandrogenic effects (KEMI, 2015) . Peijnenburg and Struijs (2006) found phthalates in Dutch fresh water in concentrations of up to 2.35 µg/I and of up to 4.96 µg/I in surface water. In water samples from the Irish Shannon river basin, DEHP was found to occur at levels of 0.77-92.84 μg/l (Jones et al., 2017) . We found phthalates in 2 (10%) drinking water samples, in 11 (50%) groundwater samples, in 3 (60 %) bathing water samples, and in 4 (57.1%) river samples. The highest value was with di-(2-ethylhexyl)phthalate (0.37 µg/l, groundwater).
Per-and polyfluoroalkyl substances (PFAS)
Per-and polyfluoroalkyl substances (PFAS) are a group of man-made chemicals that include perfluorooctanoic acid (PFOA), and perfluorooctane sulfonic acid (PFOS). PFAS have been manufactured and used in a variety of industries around the globe. PFAS often can be found-amongst other-in drinking water, typically localized and associated with specific facilities (e.g., manufacturer, landfill, wastewater treatment, firefighter training facility) (Banzhaf et al., 2017) . It is known from animal studies that short chain PFAS are almost completely absorbed orally and by inhalation, but that skin absorption may be negligible. Both short-and long-chain perfluoroalkyl acids (PFAAs) are considered metabolically inert. The strong C-F bonds exclude any normal degradation pathway. Any functional derivative (precursor) will ultimately be transformed through several steps to the acids (Health Canada, 2016) . In animal experiments, the acute toxicity of short-chain PFAS is low. After repeated exposure, large doses of short-chain PFAS may damage the liver and kidneys. In general, PFAS are more toxic to males than females having a higher elimination rate (Health Canada, 2016) . In various animal and in vitro studies, PFAS have shown effects on thyroid hormones and decreased their levels. The toxicokinetics and toxicity in humans for short-chain PFAS are mainly investigated for perfluorohexane sulfonic acid (PFHxS), a substance that has rather similar properties as PFOS. There are studies showing associations between PFHxS and effects on lipid metabolism, fertility, thyroid hormones, asthma, and children's behavior (Kjølholt et al., 2015) . In their recent comprehensive paper on worldwide occurrence and levels of newly-identified perfluoroalkyl and polyfluoroalkyl substances in drinking water, Kaboré et al. (2018) screened, in total, 29 target and 104 suspect-target PFASs in drinking water samples (n = 97) from Canada and other countries (Burkina Faso, Chile, Ivory Coast, France, Japan, Mexico, Norway, and the USA) in 2015-2016. Out of the 29 PFASs quantitatively analyzed, perfluorocarboxylates (PFCAs: C4/14), perfluoroalkane sulfonates (PFSAs: C4, C6, C8), and perfluoroalkyl acid precursors (e.g., 5:3 fluorotelomer carboxylate (5:3 FTCA)) were recurrently detected in drinking water samples in concentrations up to 39 ng/l. Tap water samples from Canada showed noteworthy differences depending on their source; for instance, the sum of the 29 PFAS was significantly greater in samples from the Great Lakes/St. Lawrence river ecosystem than those produced from other sources (14 versus 5.3 ng/l). We found perfluoroalkyl substances, perfluorooctanoic acid and perfluorooctanesulfonic acid, in 5 (25%) drinking water samples, in 8 (36.4%) groundwater samples, in 2 (28.6%) river samples, and in 2 (40%) bathing water samples, with a maximum concentration of 0.0433 µg/l found for perfluorooctanesulfonic acid in drinking water.
Alkylphenols
Alkylphenols are ultimate breakdown products of alkylphenol polyethoxylate (APEs) that are used in cleaning and industrial processes. The most commonly used APEs in the market are the nonylphenol ethoxylates (NPEs) and octylphenol ethoxylates (OPEs). As a result of their widespread use and their lipophilic nature, these compounds are ubiquitous in the environment and currently of concern because of their toxicity and estrogenic properties (Kovarova et al., 2013) . Alkylphenol ethoxylates, including their degradation products alkylphenols octylphenol (OP) and nonylphenol (NP), have long been known to be estrogenic (Dodds and Lawson, 1938) . OP and NP have been found to be estrogenic in several in vitro and in vivo systems, where OP is the most potent of the alkylphenols.
Critical effects due to OP exposure are changes in sperm morphology in rats and increased length of gestation in pigs. The critical effect of NP exposure is increased kidney weight (Jonsson, 2006) . Our sole findings of substances of that group regarded 4-nonylphenol-monoethoxylate (NP1EO) in one river and in two groundwater samples, with a maximum value of 23.4 ng/l (groundwater).
Bisphenol A
Bisphenol A (BPA) is an estrogen mimic used in the manufacture of plastics, lacquers, and packaging materials. Although initially considered to be a weak environmental estrogen, more recent studies have demonstrated that BPA may be similar in potency to estradiol in stimulating some cellular responses. Moreover, emerging evidence suggests that BPA may influence multiple endocrine-related pathways (Rubin, 2011) . BPA has been shown to play a role in the pathogenesis of several endocrine disorders, including female and male infertility, precocious puberty, hormone dependent tumors, such as breast and prostate cancer, and several metabolic disorders, including polycystic ovary syndrome (PCOS) (Konieczna et al., 2015) . Staniszewska et al. (2015) from < 5.0 to 277.9 ng/l; OP from < 1.0 to 834.5 ng/l, and NP from < 4.0 to 228.6 ng/l. The authors argue these values to be similar to those in other regions of Europe. Lv et al. (2016) detected OP and NP with concentrations ranging from below LOD to 0.49 ng/l and below LOD to 3.27 ng/l in two drinking water works, which take the source water from Taihu Lake in Jiangsu province (China). In these drinking water facilities, bisphenol A was found in concentrations ranging from below LOD up to 17.73 ng/l by Lv et al. (2016) . Besides, the already mentioned values of < 5.0 to 277.9 ng/l (Konieczna et al., 2015) , in a German study, bisphenol A was found in surface waters at concentrations of 0.5 to 16 ng/l, and in drinking water at concentrations of 0.3 to 2 ng/l (Kuch and Ballschmiter, 2001 ). We detected BPA in 4 (20%) drinking water samples, in 1 (4.5%) groundwater sample, and in 1 (20%) bathing water sample, with a maximum value of 20.9 ng/l (drinking water). Recent restrictions on the use of bisphenol A (BPA), in varnishes and coatings intended to come into contact with food, have been imposed by Regulation No 2018/213 at the European level (EC, 2018c) . By amending Regulation (EU) No 10/2011, this latest regulation tightens or introduces new measures on the uses of BPA as a monomer in the production of plastic materials, such as polycarbonate plastic, and in epoxy resins used in varnishes and coatings. Under REACH, in addition to identifying BPA as a substance of very high concern (SVHC) (ECHA, 2017), a new restriction for BPA present in thermal paper will apply from 2020 (EC, 2016) . Stricter threshold values have also been introduced for toys and in the workplace (EC, 2017a) , whilst exemptions will need to be requested in the future on its use in medical devices (EC, 2017b) . The European Commission, moreover, announced plans to undertake a new strategy in the future to minimize exposure to endocrine disruptors, including from food packaging (EC, 2018b).
Triclosan
Triclosan has been used worldwide as a broad-spectrum antibacterial agent for over 40 years. Increasingly, reports indicate frequent detection and broad exposure to triclosan in the natural environment and the human body. Laboratory studies in various species provide strong evidence for its disrupting effects on the endocrine system, especially affecting reproductive hormones. Multiple modes of action have been suggested, including disrupting hormone metabolism, displacing hormones from hormone receptors and disrupting steroidogenic enzyme activity (Wang and Tian, 2015) . Although epidemiological studies on its effects in humans are mostly negative and conflicting, the evidence suggests that triclosan is an EDC (Wang and Tian, 2015) . In the United States (1999 States ( -2012 , triclosan was detected, most frequently in untreated waters (92% detection frequency; mean ± standard error, 11 270 ± 2925 ng/l; n = 237), but concentrations were significantly reduced in effluent waters (83% detection frequency; 775 ± 311 ng/l; n = 192, α = 0.05) (Perez et al., 2013) . Triclosan concentration in effluent-impacted environmental waters (62% detection frequency; 130 ± 17 ng/l; n = 228) was not significantly reduced from effluent waters but was significantly greater than triclosan in environmental waters not classified as effluent impacted (11% detection frequency; 13 ± 3 ng/l; n = 1195). In finished drinking water, triclosan was largely undetected (1% detection frequency; 4 ± 2 ng/l n = 453), suggesting that for the United States, drinking water is not an appreciable source of triclosan exposure. In post treatment water, average triclosan concentrations were below part-per-billion levels (Perez et al., 2013) . In our samples, triclosan was not found above an LOQ of 3.31 ng/l.
EDCs in thyroid-signaling pathway
There is growing evidence that EDCs can disrupt thyroid homeostasis, even though the most important knowledge on this topic derives from animal studies, while clinical studies are still few and controversial (Gore et al., 2015) . All the substance groups investigated are suspected of having anti-thyroid effects in some way, with specific attention to fetal and early childhood exposure, potentially affecting various brain processes such as neurogenesis, neural differentiation and migration, as well as neural connectivity, leading to morphological brain abnormalities (e.g., cortical thinning) consistent with neurodevelopmental impairment. Ghassabian and Trasande (2018) describe the following in a review: a) Experimental studies have shown that PBDEs, at environmentally relevant doses, bind to receptors, inhibit binding of triiodothyronine (T3) to thyroid hormone receptors (TRs) and suppress T3 actions; b) In vivo, bisphenol A can impair thyroid hormone action by antagonizing T3-induced TR activation (TRα1 and TRβ1) and by suppressing its transcriptional activity in a dose-dependent manner; c) Triclosan affects thyroid hormone-dependent metamorphosis in animals; d) Urinary phthalates are crosssectionally associated with lower free thyroxine (fT4) and higher thyroid stimulating hormone (TSH); e) PFASs interfere with binding of thyroid hormone to transthyretin and upregulate deiodinase in the thyroid gland. Thyroid disruption is of particular interest because several EDCs interfere with thyroid function in a sex-specific manner, which might explain the sexual dimorphism in the brain effect of EDCs (de Cock et al., 2014) .
Exposure to EDCs and neurobehavioral development
US children's centers are exploring associations between brain development and environmental toxicants such as, amongst others: phthalates, bisphenol A, and polybrominated diphenyl ethers (US EPA, 2017). Prenatal exposure has shown a relationship between gestational levels of BPA or phthalates to adverse cognitive and behavioral outcomes, demonstrating links to attention deficit hyperactivity disorder, reduced intelligence quotient, lessened selfregulatory capacities, anxiety, depression, lower memory function and structural changes to the brain (Palanza et al., 2016 ; US EPA, 2017).
Conclusions
In 39 (72.2%) of the 54 samples tested in the Austrian survey presented, at least one endocrine disrupting or potentially disrupting chemical was found at or above the limit of quantification (LOQ). Regarding measurements, 539 (96.3%) out of 560 measurements in drinking water, 576 (93.5%) out of 616 measurements in groundwater, and 322 (95.8%) out of 336 measurements in surface water revealed no analytes at or above the respective LOQs. None yielded estrogens or triclosan in detectable levels. With one possible exception, no values were found above currently tolerable maximum levels (regulatory or health-based guidance values and drinking water thresholds derived from them). The sole exception regards the bisphenol A concentrations (0.013 and 0.021 µg/l) measured in drinking water, taking into account a proposed value of 0.01 µg/l in drinking water and groundwater (EC, 2018b) . However, it has to be mentioned that the proposed values are set on the basis of the precautionary principle, taking the still debated sensitivities in the low-dose range into consideration. In contrast to that, using the WHO allocation system, the current tolerable daily intake (TDI) is 4 µg/kg bw/d, resulting in 24 µg/l drinking water for an adult or 5.3 µg/l for an infant (WHO, 2017a) . In that case, there would be a safety margin of approximately three powers of ten between the values measured and the TDI, and the respective calculated maximum drinking water value. Compared to a preceding survey ARCEM (2003) , where endocrine disruptors in Austrian waters were surveyed, it can be stated that a) the analytical sensitivity has been improved significantly in the meantime; the LOQs in the ARCEM project were much higher than in our study; b) for all parameters investigated, top values found in 2003 were substantially higher than those of our 2017/2018 survey; c) in the ARCEM project, at least some samples exceeded limit values, currently in effect or proposed and taken as basis for our assessment, both in groundwater and in surface water. These findings of the survey presented here underline the considerable improvement in environmental protection achieved during the past 15 years in Austria. However, although below the current maximum values for drinking water, a substantial number of drinking and groundwater samples yielded PFOA and PFOS, with the maximum levels detected somewhat lower for surface water than for groundwater and drinking water. This reflects in general the situation in North America and other European countries. Although measures are in place to restrict the production, use or major exposure risks to PFOS, the ubiquitous use of PFAAs within the built-up environment still causes their transfer to bio solids (Clarke and Smith, 2011) . The use of bio solids as fertilizers may thus represent a source of soil and water contamination with PFOS (Clarke and Smith, 2011) . In this context, the ongoing activity of the European Food Safety Authority (EFSA) panel on contaminants in the food chain (CONTAM) regarding PFAS is worthy of notice, which may lead to a reduction of health based guidance values for PFOA and PFOS, and may induce a review of 'safe' or 'recommended' levels for brownfields (potentially contaminated sites) (re)development (Rose, 2017) . Other substances found above the LOQ, although in miniscule amounts compared to the limit value, were the PBDEs, whereby a somewhat better situation was found with surface water than with drinking and groundwater, although-as mentioned before-at very low levels. PBDEs are ubiquitously present in the environment and likewise in biota and in food and feed (EFSA, 2011) . Another group detected above the LOQ were the phthalates, with diethyl phthalate being the most abundant of our analytes, whereby the situation, not regarding the maximum level but the percentage of contamination, seems to be somewhat better with drinking water than with groundwater or surface water. In addition to being in consumer products, phthalates are pervasive in the environment and have been found in food, drinking water, household dust, and indoor air (CPSC, 2010) . Albeit ranging still well below the LOQ, we found di-(2-ethylhexyl)phthalate (DEHP) as a group member with the lowest margin of safety as against the guideline value. DEHP is used primarily as a plasticizer. In another study investigating surface water, groundwater and drinking water, concentrations of a few micrograms per liter of DEHP were found, that is, more than ten times the concentrations present in our samples (WHO, 2017b) . In polluted surface water and groundwater, concentrations of more than a hundred micrograms per liter have been reported (WHO, 2017b) . The possible detrimental effects of endocrine disruptors on development, reproduction, growth, metabolism and obesity, constitute a serious public health issue. Concerning the mechanisms of action of EDCs, many questions remain unanswered. Moreover, nonlinear/non-monotonic action (as opposed to toxic dose-effect), cocktails consisting of EDCs with possible additive or synergistic or antagonistic effects, latency, window of exposure and the possibility of transgenerational effects are under intense scientific discussion. Exposure to EDCs is ubiquitous and can occur during potentially sensitive periods of development that are important in the etiology of childhood neurodevelopmental disorders and obesity (Ghassabian and Trasande, 2018) . The available research suggests that prenatal exposure to some EDCs are related to adverse neuro-behavioral outcomes in children, while prenatal exposure to other EDCs is related to reduced fetal growth and excess childhood adiposity (US EPA, 2017). The EU has put legislation in place which may lead to EDCs being removed from the market, because of regulating EDCs on the basis of their hazards, not of their risks (EC, 2009; EC, 2012) . The ultimate public health goal must be to further reduce and restrict the production of EDCs and therewith decrease and, eventually, eliminate the contamination of water resources by EDCs with technical and regulatory measures.
